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Following  ia  \  translation  of  four  articles  from  the  Russian- 
language  book^varka  npotolnl’nykh  motsllov  i  aplavov  (Welding 
of  Special  Metals  and  Alloya),  Published  by  the  Academy  of 
/V’.'  Sciences  Ukrainian  SSR,  Institute  of  Eleotrical  Welding  imeni 
V;-.  Ye.  0.  Paton,  Kiev,  1963#  Complete  bibliographic  information 
T>  '  accompanies  each  article. 
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FcERAMIC '  FLUXES  FOR  AUTOMATIC 
I  WELDING  OF  ALLOYED  STEELS  I 


*•  -  A*er '  a/vy 

r following  is  a  translation  of  an  article  by  D.  M*  ■ 

Kushnorov  in  the  Russian-language  publication 
Svarka  spetsla^nyyx  metallov  1  splavov  (Welding 
Special  Metals  and  Alloys),  edited  by  K.  K. 

Khrenov,  Academy  of  Sciences  Ukrainian  SSR, 

Institute  of  Electric  Welding  imeni  Ye.  0.  Faton, 

Kiev,  1963,  pp  89  —  98j/ 


The  quality  of  welding  of  alloyed  steels  in  general  can 
be  estimated  only  as  far  as  the  property3  of  a  welded  Joint  of 
alloyed  steel  correspond  to  properties  of  the  basic  metal. 

Only  that  technology  of  welding,  by  which  the  whole  complex 
of  properties  possessed  by  the  alloyed  steel  is  obtained  in 
the  fused  metal,  can  be  considered  as  satisfactory. 


For  great  reliability  of  welded  structures,  mechanical 
characteristics  of  metal  of  the  seam  and  welded  joint  must 
have  a  certain  margin,  as  compared  to  the  basic  metal,  mainly, 
of  plasticity  and  viscosity.  The  necessity  of  such  a  margin 
of  durability,  especially  plasticity  and  viscosity,  is  caused 
by  the  possibility  of  formation  in  welded  seams  of  various 
micro-  and  macrodefects,  and  by  the  appearance  of  concentra¬ 
tions  of  stresses,  connected  with  the  form  of  welded  struc¬ 
tures. 


The  quality  of  welded  seams  during  welding  of  alloyed 
steels  depends  on  the  chemical  composition  and  structure  of 
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the  fused  metal.  In  order  to  obtain  the  required  chemical 
composition,  It  is  necessary  to  alloy  a  fused  metal.  At 
present  tho  basic  and  most  wide-spread  method  of  alloying 
metal  of  a  seam  with  automatic  welding  under  flux  is  the  use 
of  analloyed  electrodo  wire. 


This  is  the  most  reliable,  and  at  first  glance,  the 
simplest  method  of  alloying.  However,  this  method  of  alloying 
frequently  is  connected  with  significant  difficulties.  If 
one  were  to  use  an  electrode  wire  of  the  same  brand,  as  the 
alloyed  steel  being  welded,  then  the  metal  of  the  seam,  as  a 
rule,  will  not  have  the  same  chemical  composition  as  the  wire. 
As  a  result  of  oxidation  In  the  process  of  welding,  the 
content  of  alloyed  elements  in  ihotal  of  the  seam  will  always 
be  lower  than  in  the  electrode  wire.  This  especially  pertains 
to  elements  (aluminum,  titanium,  silicon  and  others),  which 
possess  a  high  chemical  affinity  to  oxygen.  Therefore,  if 
it  is  necessary  to  obtain  fused  metal  with  the  same  chemical; 
composition  as  the  basic  metal  by  means  of  alloying  with  an 
electrode  wire,  then  one  should  use  an  electrode  wire  with 
a  large  content  of  the  alloying  elements. 


Inasmuch  as  elements  of  the  wire  burn  at  a  various 
degree,  then  the  selection  of  the  optimum  composition  of 
electrode  wire  frequently  is  quite  difficult.  Furthermore, 
frequently  It  Is  necessary  In  addition  to  alloy  fused  metal 
with  elements,  which  are  not  contained  in  the  basic  metal, 
to  change  the  chemical  composition  of  the  fused  metal  as 
compared  to  the  basic  metal  to  Increase  stability  against  the 
formation  of  cracks,  which  adjoin  a  seam  of  specific  proper¬ 
ties,  to  obtain  a  definite  quantity  of  ferrite  phase,  etc. 

All  this  places  a  difficult  problem  on  the  metallurg  industry, 
since  production  of  various  brands  of  alloyed  wire  is  required. 
However  GOST  provides  only  a  limited  assortment  of  alloyed 
electrode  wires,  where  part  of  them  is  very  deficient.  This 
means  that  it  is  necessary  to  use  alloyed  wire  of  by  far  not 
.optimum  composition  to  the  damage  of  the  quality  of  welding. 
During  automatic  welding  another  method  of  alloying  may  be 
used  —  alloying  with  a  flux.  Fused  fluxes,  which  are  the 
widest  used  in  industry,  do  not  alloy.  In  the  composition 
of  fused  fluxes  only  oxides  of  metals  and  certain  salts  can  . 
be  introduced,  metals  or  ferroalloys  are  not  Introduced  In  //r-y 
them. 
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In  this  respect  ceramic  non-fused  fluxes  possess 
certain  advantages,  with  the  help  of  which  it  is  possible 
practically  without  limit  to  alloy  fused  metal  with  any  element 
used  in  metallurgical  production. 

Ceramic  fluxes  constitute  a  mechanical  mixture  of 
thinly  pulverized  components,  cemented  by  a  soluble  glass  and 
prepared  in  the  form  granules,  as  large  as  necessary  (fig.  1). 
Every  grain  of  ceramic  flux  is  uniform  by  composition  and 
specific  gravity,  therefore  during  use  of  ceramic  fluxes 
separation  by  separate  component  parts  does  not  occur  in  them. 

Inasmuch  as  in  the  process  of  the  manufacture  ceramic 
fluxes  are  not  melted,  besides  slag  forming  mineral  components, 
such  as  marble  fluorspar  and  others,  deoxidizing  agents  and 
alloying  components  areintroduced  into  their  composition; 
ferroalloys  or  powders  of  technically  pure  metals. 

At  present  there  is  sufficient  experimental  data  to 
calculate  the  quantity  of  alloying  elements,  which  must  be 
introduced  in  the  composition  of  a  ceramic  flux  to  obtain  i. 

metal  of  the  seam  of  practically  any  given  composition. 
Moreover,  in  the  majority  of  cases  alloyed  steals  under  a 
ceramic  flux  are  welded  with  the  use  of  an  ordinary  low-carbon 
electrode  wire.  In  certain  cases,  when  metal  of  the  seam 
should  be  highly  alloyed,  it  is  more  convenient  to  use  a 
standard  alloyed  electrode  wire  and  additionally  to  alloy 
metal  of  the  seam  with  a  ceramic  flux. 

The  advantages  of  ceramic  fluxes  are  not  limited  only 
to  alloying.  The  quality  of  metal  of  welded  seams  depends 
not  only  on  the  chemical  composition,  but  also  on  the  structure 
of  the  metal.  Cast  metal,  as  known,  is  worse  than  rolled 
mainly  due  to  defects  of  a  structural  character.  Inasmuch  as 
metal  of  the  seam,  as  a  rule,  i3  not  subjected  to  subsequent 
machining  (forging),  it  is  very  important  during  welding  to 
apply  special  measures  for  improving  the  structure  of  the 
fused(even  those  of  the  same  chemical  composition  as  the 
basic  metal)  metal.  Without  this  mechanical  properties  of 
metal  of  the  seam  are  lower  than  the  mechanical  properties 
of  alloyed,  steels,  either  rolled  or  forged. 

A  very  effective  method  of  improving  the  structure  of 


Figure  1.  Granulated  ceramic,  flux 
(magnified  15  tines) 


metal  is  modification*  It  is  widely  applied  in  metallurgy 
and  recently  has  started  to.  be  applied  for  welding. 

The  means  of  modification  --  the  introduction  in  metal 
of  the  seam  of  small  additions  of  modifies  (titanium,  aluminum, 
calcium  and  others)  manages  strongly  to  crush  the  primary 
structure  of  fused  metal  and  thus  increase  the  mechanical 
properties  of  metal  of  the  seam,  but  mainly  —  increases 
stability  of  seam's  against  formation  of  hot  cracks. 

Experience  shows  that  the  effectiveness  of  modification 
depends  by  what  method  modifiers  are  introduced  in  the  fused 
metali  through  a  flux  or  through  an  electrode  wire.  At 
present  it  has  been  determined  that  with  the  introduction  of 
modifiers  through  a  wire,  as  a  rule,  crushing. of  the  structure 
and  increase  of  mechanical  properties  of  metal  of  the  seam 
is  not  observed. ./with  introduction  of  modifiers  in  a  com¬ 
position  of  ceramic  fluxes  a  crushed*  equiaxial  stnxcture  of 
metal. -of  the  seam  (fig. 2),  very  high  mechanical  properties 
and  high  stability  of  seams  against  formation  of  Cracks  is 
obtained. 
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Different  action  of  modifiers  during  introduction  of 
them  through  wire  of  flux  can  bo  explained  by  the  fact  that 
they  fall  In  metal  of  the  welding  bath  at  various  temperature 
conditions.  Being  in  an  electrode  wire,  modifiers  are  sub¬ 
jected  to  the  highest  heating.  At  the  3ame  time  it  is  known  ;■ 
that  modifiers  aro  deactivated  as  a  result  of  overheating. 

In  foundry  production  modifiers,  as  known,  are  Introduced  in 
the  ladle  before  pouring.  With  introduction  through  a  flux, 
modifiers  are  not  subjected  to  such  intense  heating,  a 
significant  part  of  modifiers  is  precipitated  from  the  smelted 
flux  directly  in  the  liquid  metal  before  its  crystallization.  f 

We  will  note  one  more  fundamental  advantage  of  ceramic 
fluxes  for  welding  of  alloyed  3teels.  As  It  is  known,  there 
always  hydrogen  in  the  gas  phase  of  an  arc.  During  welding 
under  flux  is  dissolved  in  drops  of  the  electrode  metal  during! 
their  transfer  from  the  electrode  to  the  article.  Hydrogen 
promotes  formation  of  hot  cracks  in  metal  of  the  seam  and 
cracks  In  the  zone  near  the  seam  during  welding  of  hardened 
alloyed  steels.  But  during  welding  under  ceramic  flux  the 
content  of  hydrogen  in  the  fused  metal  is  significantly 
reduced. 


This  is  attained  by  the  introduction  in  the  composition 
of  ceramic  fluxes  of  carbonates  and  the  highest  oxides  of 
manganese  or  iron.  Carbonates,  for  instance  CaCo3,  introduced 
in  a  flux  in  the  form  of  marble,  dissociate  in  the  process 
of  welding,  liberating  in  an  arc  interval  significant  quanti¬ 
ties  of  carbon  dioxide  and  oxygen.  The  latter  in  this  case 
is  not  dangerous,  since  ceramic  fluxes  will  deoxidize  the 
welding  bath.  Gaseous  products  of  the  dissociation  of  car¬ 
bonate  from  calcium  sharply  lower  the  partial  pressure  of 
hydrogen  in  the  gas  phase.  Experimentally  it  has  been  deter¬ 
mined  that  in  metal  of  the  seam  during  welding  under  a  cer¬ 
amic  flux  on  the  base  of  marble  there  is  almost  three  times 
less  hydrogen  than  in  metal,  fused  for  Instance, under  AN-348A 
flux. 

High-basic  ceramic  fluxes  on  the  base  of  marble  make 
it  possible  to  reduce  the  content  of  sulfur  in  the  fused 
metal,  increasing,  thereby  stability  of  seams  against  formation 
of  hot  cracks.  /All  of  them*  peculiarities  of  ceramic  fluxes 
make  it  possible  to  obtain  a  very  high  quality  of  welding  t  ..;: 
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Figure.  2.  Primary  structure  of  metal,  fused  in  identical  conditions 
under  ceramic  and  fused  fluxes  (magnified  45  times);  a  —  equiaxial  primar 
structure  of  metal  of  the  seam,  KS-1  ceramic  flux,  b  --  columnar  primar y 
structure  of  metal  of  the  seam  with  a  zone  of  weakening,  CSTs-45  flux. 


alloyed  steels.  As  a  rule,  metal  of  the  seam  is  obtained 
which  is  not  Inferior  in  mechanical  properties  to  the  basic 
metal,  and  sometimes  exceeds  It.  j 


As  example  in  Table  1  results  of  automatic  welding  of 
several  brands  of  medium  alloyed  steels  undor  ceramic  fluxes, 
developed  in  the  Institute  of  Electrical  Engineering  of  the 
Academy  of  Sciences  Ukrainian  SSR  are  given  /I7 « 


THlgh  mechanical  properties  of  metal  of  the  seam  are 
obtained  during  welding  under  ceramic  fluxes  (table  1)  of 
standard  low-carbon  welding  wire  of  brand  SV-08A.  Ceramic 
fluxes  during  automatic  welding  of  medium  alloyed  steels 
ensure  high  stability  of  seams  against  formation  of  cracks, 
possess  good  technological  properties  during  welding  on  AC 
as  well  as  on  DC.  With  welding  of  medium  alloyed  steels  under 
ceramic  flux  a  sufficiently  constant  chemical  composition  of 
metal  of  the  seam  is  obtained.  The  conditions  met  in  indus¬ 


try  of  oscillation  of  parameters  of  conditions  of  welding  do 
not  render  an  essential  influence  on  the  chemical  composition 


of  welded  seams  or  on  the  quality  of  welding,  y  , 

At  present  sufficient  experience  has  been  'accumulated 
on  automatic  and  semiautomatic  welding  under  ceramic  flux  of 


alloyed  steels  of  the  perlitic  class  as  well  as  certain  brands 
of  high-alloyed  austenitic  steels. 


During  welding  of  high-alloyed  austenitic  steels 
besides  the  usual  requirements  of  high  mechanical  properties, 
absence  of  cracks,  pores  and  others  specific  requirements  are 
presented  for  instance,  stability  of  seams  against  inter¬ 
crystallite  corrosion,  stability  against  overall  corrosion  in 
different  aggressive  media  stability  against  formation  of 
cinders,  and  heat  resistance.  In  order  to  give  a  seam  these 
properties,  in  most  cases  it  is  necessary  besides  alloying 
by  basic  elements  of  austenitic  steels  —  chromium  and  nickel 
--  to  add  niobium,  silicon,  molybdenum,  tungsten  and  other 
elements  to  obtain  special  physical  properties  of  metal  of 
the  seam. 

The  structure  of  metal  of  the  seam  has  a  special 
meaning  during  welding  of  high-alloy  chrome-nickel  steels*. 
For  increasing  stability  of  seams  against  formation  of 


(2)  (3)  , 

'  '  I  v^wm.M*/**  mnMHt  %  .  ; 


Mip^i  crnt  i  MapK*  ijwwc*  oOpt^Vyrra  cawfmaro  />  \  fr;\  i 

vw  Jw»i«»-  nr„nlTltrt..  mhim-  Tab  1©  1 

cc*f*noro.  mxhoio  0C**o,w>r?  jpemwro 


25XrOA  i  K025XTOA  BucokhA 

./•  ,  V  V-'"-  »■'  oTnycK 

» ■'■  :'  i  HopMa^H: 


HopM3,nH3aUHJ| 

c  nocncAyfo 
m»M  oTnyc* 
KOM 


BOXrCHA  KC-30XrCHA  HaoMeTpircecKa* 

saica^Ka  m 


uB  =*  1560+ 


+  1760  Mh/m •  1660 


KC-12H3  HopMami3aumi 

c  nocneAyio- 
m»M  ornyc- 

KOM 


490  610  28, t  29,7 


a)  0TTt0CBTeitbH0«  I  (b)  yflapHS*  BH3KOCTI,  Memrwa.  **/*.  «P«  TcwnepaTypc,  °K 
icvmeHHe  neTAAna.  *  . .  "’  i  '  ""  i  ^  "1 


L )  OmocBTeiibiioe 
f cyateime  mct«aw, 

I _ %  _ 

(  0  )  j^nalrwa- 


233  1 

nafuuii* 

ocaoanoro 

AettKOfD 

323 

658 

995 

970 

35,0  35,8  610  590  580  630  —  -  — 


61^  *  59,4  1310  1180  I  I  —  I  —  I  718  1738 
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"> V.v:  12N3;  '  Col  2.)  Brand  of  flux:  KS-25KhGFA, 

•ft ft  ft".'; i ' KS -30KhGSN  A ,  KS-12N3;  Col  3.)  Heat  Treatment 
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t with  subsequent  tempering;  isometric  hardening 
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•ftft ftftftft.ft  subsequent  tempering;  4.)  Ultimate  strength 
■ft:"  of  metal  in  tons/m2;  5.)  Specific  elongation 
of  the  metal  in  percent;  6.)  Basic;  7.) 

Fused;  a.)  Specific  contraction  of  the  metal 
in  percent;  b.)  Resilience  of  metal  in  Kn/m, 
at  a  temperature  in  degrees  Kelvin;  c.)  Basic; ft 
d.)  Fused. 


crystallized  cracks  during  welding  of  austenitic  steels,  it 
is  desirable  to  have  in  the  initial  structure  of  metal  of  the 
seam  a  definite  quantity  of  the  ferrite  phase.  At  the  same 
time  an  increase  of  the  content  of  the  ferrite  phase  evokes 
embrittlement  of  metal  of  the  seam  in  conditions  of  high- 
temperature  exploitation.  An  optimum  quantity  of  ferrite 
phase  in  the  initial  structure  of  welded  seams  is  ensured  by 
alloying  metal  of  the  seam  with  ferrite  or  austenite  forming 
elements. 


For  additional  alloying  of  a  fused  metal  during  welding 
of  austenitic  chrome-nickel  steels,  many  different  brands  of 
electrode  wires  are  necessary,  frequently  of  a  very  complicate 
chemical  composition  with  a  content  of  elements  within  a 
harrow  range.  The  usual  limits  of  the  content  of  individual 
elements  in  an  electrode  wire  cannot  guarantee,  for  instance, 
that  in  the  initial  structure  of  welded  seams  the  ferrite 
phase  required  will  be  of  a  sufficiently  narrow  range.  During 
manual  welding  in  the  composition  of  electrode  coverings  is 
introduced  the  necessary  quantity  of  alloying  elements. 


During  automatic  welding  under  flux  for  obtaining  the 
given  chemical  composition  and  structure  of  metal  of  the  seam 
ceramic  fluxes  are  applied,  with  the  help  of  which  fused  metal 
can  be  alloyed  within  wide  limits  and  with  sufficient  accuracy. 


In  principle  ceramic  fluxes  make  it  possible  to  obtain 


high-alloyed  austenitic  fused  metal  during  use  of  low-carbon 
welding  wire  of  brand  Sv08.  Howover,  such  fluxes  are  not 
technologically  effective,  they  contain  a  large  quantity  of 
alloying  components,  which  for  obtaining  stable  chemical 
composition  of  metal  of  the  seam  it  is  necessary  to  observe 
exactly  the  given  conditions  of  welding. 

It  is  more’  expedient  during  welding  of  austenitic  steels 
to  use  ceramic  fluxes  only  for  additional  alloying  and  mod¬ 
ification  of  fused  metal,  basic  alloying  of  metal  of  the  seam 
(chromium  and  nickel)  is  done  by  wire.  With  this  it  is 
possible  to  manage  with  a  limited  number  of  the  simplest  by 
composition  standard  austenitic  wires. 

Table  2* 


(a) 

CKVvmct  imimim 

1 

±bX 

Co/^pxumie  tflCMCHtoa 

.  H 

Mn  | 

St 

3 

P 

Cr 

N' 

Tl 

Ok 

N, 

M« 

MeTUUI  BJBa(c) 
ripoBonoK*  (d; 

CalX18H9T 

OcnobhoA 

0.08 

0,07 

0,09 

w 

1,28 

1,39 

0,7 

0,35 

0,49 

0,012 

0,009 

0,014 

0,039 

0,037 

0,026 

18,7 

18,46 

18,86 

9,6 

8,48 

9,98 

0,30 

0,5 

0,62 

0,004 

0.014 

0,00048 

Chemical  composition  of  fused  metal  during,  welding 
of  lKh  18  N9T  steel  under  K-S  ceramic  flux. 

KEYS  a)  Object  of  analysis;  b)  Content  of  elements 

in  percent;  c)  Metal  of  the  seam;  d)  SvlKhlS  • 
N9T  wire;  e)  Basic  metal. 


Table  2  gives  certain  results  of  the  application  of  ■  •; 
K-8  brand  ceramic  developed  in  the  Institute  of  Electrical  v. 
Engineering  of  the  Academy  of  Sciences  of  Ukrainian  SSR  for 
automatic  and  semiautomatic  welding  of  the  most  wide-spread 
in  industry  austenitic  chromonickel  lKhl8N9T  steels  £j2 \J . 

.  K-8  oer ami c  flux  i s  applie d  in  comb lnation  with  v ; 


SvlKhl8N9T  brand  standard  welding  wire.  Flux  K-8  is  composed 
on  the  basis  of  a  slag  system  CaO  --  MgO  —  TiOg  —  AL2O3  — 
CaFg  with  a  significant  px*o dominance  of  basic  oxides.  The 
flux  during  welding  both  on  AC  and  DC  ensures, good  forming  of 
seams  and  easy  separation  of  slag  crust,  high  durability  of 
seams  against  formation  of  pores  and  cracks.  During  welding 
of  lKhl8N9T  steel  under  ceramic  flux  does  not  produce  intensive 
oxidation  of;  chromium  and  titanium.  Metal  of  the  seam  is 
distinguished  by  a  very  low  content  of  oxygen  and  hydrogen. 

For  durability  and  plasticity  seams  during  welding  under  cer-  . 
amic  flux  do  not  exceed  the  basic  metal.  Average  indices  of 
mechanical  properties  of  metal  of  the  seam  and  a  welded  Joint 
during  welding  of  lKhl8N9T  steel  under  K-8  flux  are: 


KEY:  a)  Brand  of  flux}  b)  Welding  wire}'  c)  Ultimata 
strength  in  tons/m^;  d)  Specific  elongation  in 
percent}  e)  Specific  antraction  in  percent} 
f)  Resilience  in  Kn/m}  g)  Angle  of  bend  in 
radians. 


Soaking  at  a  temperature  of  1023  degrees  K  during  1,000 
hours  does  not  lead  to  a  significant  lowering  of  resilience  of 
a  welded  Joint,  carried  out  under  flux,  as  shown  below. 

During  welding  under  K-8  flux  metal  of  the  seam  has  a 
two-phase  austenitic-ferrite  structure  with  a  content  of  ...• 
ferrite  near  5  percent.  Seams  welded  under  K-8  flux  are 
stable  against  intercrystallite  corrosion  both  after  welding 
as  well  as  after  two-hour  tempering  at  923  degrees  K.  A 
welded  Joint  of  lKhl8N9T  steel  also  showed  high  stability  ;{ 
during  a  test  for  overall  corrosion. 
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KEY:  a)  Brand  of  flux;  -b)  Welding  wire;  c) 

Resilience,  in  Kn/m,  after  soaking  at  1023  degrees 
K.  for  hours  indicated. 


Ceramic  K-8  flux  during  the  recent  years  has  been  used 
at  a  number  of  plants  for  automatic  and  semiautomatic  welding 
of  lKhl8N9T  steel  with  a  thickness  of  from  5  to  30mm. 

Welding  under  this  flux,  for  instance,  in  the  "Krasnvy 
Oktyabr"  Plant  (in  the  city  of  Fastov  of  Kiev  Oblast)  has 
been  conducted  only  on  alternating  current.  Possibility  of 
automatic  welding  of  austenitic  steels  under  ceramic  flux  on 
alternating  current  is  a  valuable  advantage  of  the  given 
technology. 

^  - 

Besides  usual  ceramic  fluxes,  for  automatic  welding  by 
closed  arc  lately  a  special  form  of  these  fluxes  has  found 
use  —  so-called  magnetic  ceramic  fluxes  by  which  an  individ¬ 
ual  article  i3  given  into  a  receptacle. 

Ceramic  fluxes  at  present  are  manufactured  at  those 
plants  at  which  they  are  used.  The  technology  of  their 
production  is  similar  to  the  process  of  manufacturing  elec-  , 
trode  coverings.  Therefore  organization  of  production  of 
ceramic  fluxes  in  small  volume  in  efficient  electrode  shops 
is  not  connected  with  considerable  expenditures  and  easily 
can  be  carried  out  on  the  base  of  a  variety  of  equipment  of 
electrode  production* 


In  the  nearest  time  centralized  Industrial  production 
of  ceramic  fluxes  in  Hnopropoti-ovskaya  and  Kuybyshevskaya 
Sovnarkhozos  In  a  volume  of  10,000  tons  of  flux  per.  year  will 
be  organized* 
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|  INVESTIGATION  OP  AUTOMATIC  WELDING  OP 
NICKEL  HEAT-RESISTING  ALLOYS  UNDER  CERAMIC  FLUX 


/Following  is  a  translation  of  an  article  by  D.  M. 
Kushnerev  and  I*  V.  Lyakhovaya  in  tho  Russian- 
language  publication  Svarlca  spotslaVnyyx  metallov 
i  splavov  (Welding  Special  Metals  and  Alloys 7, 
edited  Vy  K.  K.  Khrenov,  Academy  of  Sciences 
Ukerainian  SSR,  Institute  of  Electric  Welding  imeni 
Ye,  0,  Paton,  Kiev,  1963,  pp  111  —  120/, 


The  basic  difficulties  of  welding  high-alloyed  heat- 
resisting  alloys  on  a  nickel  base  are;  a)  high  Inclination 
of  welded  seams  to  form  hot  cracks;  b)  necessity  of  obtaining 
fused  metal,  not  yielding  by  heat  resistance  to  the  basic 
metal.  Therefore  selection  of  technology  of  automatic  welding 
of  such  articles  presents  a  complicated  problem  which  has  not 
been  solved  satisfactorily  up  to  now  in  spite  of  efforts  of 
collectives  of  a  number  of  scientific-research  organizations 
and  plants. 

Approaching  fulfillment  of  present  work  on  automatic 
welding  of  heat-resisting  alloys,  we  were  oriented  on  the 
application  of  ceramic  fluxes. 


Tho  peculiarities  of  ceramic  fluxes,  their  ability  to 
alloy  within  wide  limits  and  to  modify  fused  metal  opens  the 
possibility  to  increase  stability  of  seams  against  formation 
of  hot  cracks  and  slraulataneously  to  obtain  the  necessary 
heat  resistance  •'  ;'v;.v. t;.  '  ;'v  ; 


Method  of  Investigation 


During  welding  of  heat-resisting  alloys  besides  the 
usual  requirement  of  high  mechanical  proportles  and  the  lack 
of  defects  in  welded  seams,  to  the  fused  metal  is  presented 
the  basic;  requirement  —  heat  resistance,  which  is  ensured 
by  the  use  of  alloys  on  the  basis  of  nickel,  alloyed  by 
chromium,  tungsten,  molybdenum,  titanium,  aluminum,  boron  and 
other  elements.  Such  alloys,  as  is  known,  are  very  inclined 
to  the  formation  of  hot  cracks  in  the  welded  seams.  |  The  basic 
problem  of  investigation  was  to  determine  optimum  alloying  of 
fused  metal,  giving  sufficient  stability  of  seams  against  the 
formation  of  hot  cracks  and  necessary  heat  resistance.  The 
problem  of  investigation  consisted  of  selection  of  additional 
alloying  of  metal  of  the  seam  through  a  ceramic  flux,  which 
makes  it  possible  to  Increase  stability  of  seams  against 
formation  of  hot  cracks. \  Let  us  give  certain  data  /I,  2/ 
about  the  influence  of ^Sllouing  elements  on  the  inclination  of 
seams  to  form  hot  cracks  Wring  welding  of  heat-resisting 
alloys  on  a  nickel  base.  ^ 


Chromium  in  such  alloys  gives  a  solid  solution  with 
a  narrow  interval  of  crystallization  and  therefore  in  pure 
chrome -neckel  alloys  does  not  increase  the  inclination  to 
form  hot  cracks.  However,  in  the  presence  of  other  elements, 
especially  silicon,  the  inclination  of  chrome-neckel  alloys 
to  formation  of  hot  cracks  is  sharply  increased.  Thus,  for 
pure  nickel  the  introduction  of  more  than  1#  silicon  is  rel¬ 
atively  harmless;  with  a  content  of  15  #  chromium  the  addition 
of  several  tenths  and  up  to  1#  silicon  sharply  increases  the 
inclination  to  form  hot  cracks. 


Chrome-nickel  alloys  usually  contain  up  to  0.20 #  carbon 
its  quantity  is  limited  by  the  requirement  of  corrosional 
stability  of  heat-resisting  alloys.  An  increase  of  the  content 
of  carbon  is  usually  compensated  by  the  introduction  of 
stabilizing  elements,  for  instance,  titanium,  niobium.  The 
influence  of  carbon  on  the  Inclination  to  form  hot  cracks  to 
a  significant  degree  depends  on  the  presence  of  other  alloying 
•elements,  especially  silicon.  According  to  £”27,  carbon  in 
chrome-nickel  alloys  (with  a  content  of  about  33#  nickel) 
compensates  for  the  harmful  Influence  of  silicon  on  forming 


hot  cracks  (Fig.  1).  For  Instance,  tho  introduction  of 
0.4  —  0,5$  carbon  with  1$  silicon  makes  it  possible  to  ob¬ 
tain  high  stability  of  ohrome -nickel  seams  against  formation 
of  hot  oraoks. 


Figure  1.  Tho  influence  of  carbon  and 
silicon  on  tho  stability  of  seams  against 
formation  of  hot  cracks  during  welding  of 
a  heat-resisting  alloy  containing  35$ 

nickel  {%]. 

KEY:  a)  Content  of  Si,  in  percent;  b)  Metal  of  the  seam 
cracks;  c)  Optimum  plastic  properties;  (d)  Motal  of 
the  seam  stands  against  formation  of  cracks* 

Up  to  4$  manganese  in  heat-resisting  alloys  on  a  nickel 
base,  according  to  /I/ ,  has  comparatively  little  effect  on 
the  inclination  to  form  hot  cracks.  At  the  same  time  the 
favorable  influence  of  manganese  in  chrome-nickel  alloys  is 
known. 

Silicon,  according  to  the  works  and  other s/V 
sharply  increases  the  inclination  of  seams  to  form  oracks. 

In  ohrome-nickel  alloys,  chromium,  lowering  the  solubility  of 


silicon,  promotes  the  formation  of  siliceous  fusible  eutectics* 
Silicon  sharply  increases  liquation  of  other  elements  in 
chrome-nickel  alloys. 

Molybdenum  and  tungsten  do  not  render  a  definite 
influence  on  crack  formation  of  single-phase  chrome-nickel 
alloys . 

Niobium,  according  to  certain  researchers,  increases 
the  stability  of  heat-resisting  alloys  on  nickel  basis  against 
formation  education  of  hot  cracks,  neutralizing  the  harmful 
influence  of  silicon.  The  optimum  proportion  of  niobium  and 
silicon  are  in  alloys  of  the  composition:  75$  Ni,  15$  Cr, 

7$  Pe  is  count  considered  4.5,  and  in  an  alloy  with  a  com¬ 
position  of  35$  Ni,  15$  Cr,  50$  Pe  —  8  to  9$  £~1 ,J» 

Magnesium  and  other  elements  connecting  sulfur  suppress 
the  reaction  of  formation  of  fusible  sulfurous  eutectics. 
Increasing  with  this  the  stability  of  alloys  against  formation 
of  hot  cracks. 

Aluminum  is  a  useful  addition  to  high-nickel  alloys 
both  as  a  deoxidizing  agent  and  a3  a  substantiating  element. 
However,  with  an  increase  of  the  content  of  aluminum  the 
inclination  to  formation  of  hot  cracks  increases,  where  the 
action  of  aluminum,  as  silicon,  depends  on  the  presence  of 
other  alloying  elements. 

Boron  is  a  very  useful  addition  in  chrome-nickel  alloys, 
it  increases  heat  resistance,  but  sharply  worsens  the  stability 
of  seams  and  zones  near  the  seam  against  formation  of  cracks  '• 
with  a  content  of  more  than  0.03$  of  it.  Boron  promotes 
formation  of  fusible  eutectics  with  nickel  on  the  boundaries 
of  grains. 

i  '  • ;  ;; 

Sulfur,  phosphorus,  zircon  and  lead,  as  boron,  form  v 
fusible  eutectics  on  boundaries  of  grains  and  are  very  harm¬ 
ful  from  the  point  of  view  crack  formation. 

•  t 

Thus,  alloying  elements  according  to  the  character  of 
their  influence  on  crack  formation  during  welding  of  heat- 
resisting  alloys  on  a  nickel  base  can  be  divided  into  the 


following  four  groups  /”l_7:  1)  favorable  influence:  niobium 

and  magnesium;  2)  no  influence:  manganese,  copper,  chromium, 
iron,  cobalt;  3)  renders  a  variable  influence:  aluminum,, 
titanium,  carbon,  silicon,  molybdenum  (in  single-phase  region 
with  a  content  of  up  to  10%  increases  stability  against 
formation  of  cracks);  4)  renders  a  harmful  influence:  sulfur, 
phosphorus,  boron,  zirconium,  lead.  .  v  \ 

Besides  alloying,  one  of  the  possible  ways  of  increasing 
stability  of  seams  against  formation  of  hot  cracks  is  crushing 
the  structure  of  metal  of  the  seam—  modification  —  the 
introduction  in  the  fused  motel  Of  small  additions  of  elements 
modifiers.  In  this  respect  ceramic  fluxes,  as  known,  open 
wide  possibilities.  However,  experience  of  modification  by 
ceramic  fluxes  up  to  now  has  bean  limited  to  crushing  of  the 
primary  structure  during  welding  of  carbonic,  medium-alloyed 
and  certain  brands  of  austenitic  chrome-nickel  steels.  In 
the  latter  case  the  favorable  influence  of  small  additions 
of  titanium  and  aluminum  on  stability  of  seams  against  for¬ 
mation  of  hot  cracks  (metal  of  the  seam  of  type  Kh20N10G6)  is 
known.  On  modification  of  metal  of  the  seam  during  welding 
under  ceramic  flux  of  heat-resisting  alloys  on  a  nickel  base 
of  there  is  not  any  information. 

According  to  data  of  certain  researchers  /”3  —  5 J 
the  modifying  action  of  0.2>%  magnesium,  appearing  in  the  form 
of  a  nickel-magnesium  alloy  in  a  fused  metal  has  been  deter-  - f- " 
mined.  Also  the  modifying  action  of  cerium  together  with 
calcium,  favorably  affecting  the  distribution  of  sulfur  in 
poured  austenitic  steels  has  been  noted. 

Based  on  the  above  mentioned  data  about  the  influence 
ofalloying  and .modifying  elements  on  the  inclination  of  seams 
to  form  hot  cracks  the  following  method  of  research  was 
selected. 

The  optimum  compositions  of  the  chemical  composition 
of  the  fused  metal  were  noted,  which  then  were  reproduced  by 
means  of  corresponding  selection  of  electrode  wires  and  alloy¬ 
ing  ceramic  fluxes  considering  the  conversion  factors  of  -V. 
alloying  elements  from  high-basic  ceramic  fluxes.  The 
selected  variants  were  tested  by  means  of  hard-facing  and 
welding  of  heat-resisting  alloys 


Six- layer  hard- facing a  on  plates  from  a  heat-resisting 
alloy  with  subsequent  preparation  of  a  largo  section  from  a 
multilayer  hard-facing  served  as  the  first  appraisal  of  the 
stability  of  the  solectod  composition  against  formation  of 
hot  cracks.  Each  subsequent  layer  was  fused  after  complete 
cooling  of.  the  preceding.  In  the  process  of  the  experiments 
a  slag-forming  base  of  a  ceramic  flux  was  also  worked  out. 


Figure  2.  Device  for  Welding  End 
to  End  Samples  of  Heat-Resisting 
Alloys. 


Further  selected  variants  were  tested  by  means  of 
hard-facing  a  shaft  on  compound  samples  of  heat-resisting 
alloy  of  brand  LV7-45U  and  also  welding  end  to  end  a  set  of 
samples  of  this  alloy  (crusts)  to  plates  of  alloy  of  brand 
EI-437-B. 

.  Hard-facing  of  shafts  on  a  set  of  compound,  as  known, 
is  a  sufficiently  rigid  test  characterizing  the  stability 
of  fused  metal  to  form  hot  cracks  For  execution  of  tests 

■  -19  -  • 


by  this  method  a  special  device  was  prepared  (Figure  2), 
which  makes  it  possible  to  no  cure  rigidly  a  set  of  samples 
with  a  determined  foroo  controlled  by  a  dynamometric  key. 


After  welding,  the  compound  samples  were  broken.  The 
approximate  mo a euro  of  the  inclination  of  tho  fused  metal  to 
form  cracks  was  the  proportion  of  the  area  occupied  by  a  hot 
crack  in  the  break  to  the  entire  area  of  the  break. 

The  third  form  of  tests,  the  closest  to  conditions  of 
welding  articles  was  the  two-way  welding  of  "crusts'*  to 
plates.  Preparation  of  edges  was  the  same  as  in  articles 
under  welding.  This  form  of  tests  makes  it  possible  to  esti¬ 
mate  the  stability  against  formation  of  cracks  of  real  seams 
corresponding  to  seams  on  articles.  Welding  of  joint  seams 
was  conducted  on  selected  and  rigidly. seoured  samples  in  the 
device  (Figure  2).  Seams  wore  estimated  by  the  form  and 
length  of  crack3  leading  to  thO  surface. 

j  Touring  the  investigations  VL7-45U,  EI-437B  metal 

alloys,  brands  EI-868,  El-395,  SvKh20Nl(X}6  welding  wires, 

..and  alloying  components  of  ceramic  fluxes:  ferrotitanium, 
f erroaluminum,  ferroniobium,  ferrocerium,  alloys  of  aluminum- 
!  niobium,  nickelmagnesium,  chromonloblc,  were  used. _ j 

The  chemical  composition  of  welding  materials 
In  Table  1  and  2. 


Description  of  Experiments 


is  given 


First  preliminary  experiments  had  as  a  purpose  the 
selection  of  a  slag  forming  basis  of  a  ceramic  flux,  useful 
for  welding  heat-resisting  alloys  by  thin  wire  with  a  dia- 
,  meter  up  to  1.6  mm.  Use  of  thin  wire  in  this  case  is  connec¬ 
ted  with  the  he at -physical  properties  of  heat-resisting 
alloys,  the  welding  of  which,  as  known,  is  conducted  with 
small  linear  energy.  As  slag  forming  components  were  selected 
those --containing  mainly  oxides  of  a  basic  character  and  pos¬ 
sessing  minimum  oxidizing  properties.  The  use  of  marble  in 
this  case  we  considered  permissible  by  the  considerations 
.  presented  in  detail  in  the  work  /7/ •  Besides  marble,  in  the 
;  composition  of  experimental  fluxes  were  introduced  fluorspar, 

•  titaniu,  dioxide,  magnesium  oxide,  aluminum  oxide.  The  pro¬ 
portion  of  slag  forming  components  in  the  first  experimental 


Chemical  Composition  of  Basic  Metal  and  Welding  Wire 


fluxes  were  selected  according  to  the  type  of  ceramix  flux  of 
the  K-8  brand,  intended  for  welding  austenitic  chrome-nickel 
steels  of  type  18-8  and  namely:  60$  CaC03;  6$  CaP2»  15$ 

TIO2?  10$  MgOj  5$  AI2O5,  As  deoxidizing  agents  in  these 
fluxes  ferrot Itanium  and  foirroalumlnum  were  introduced. 

Fluxes  of  this  type  wore  tested  by  means  of  a  six- layer  hard- 
facing  by  SvKh20N10G6  wire  with  a  diameter  of  1.2 — 1.6  mm  and 
technological  properties  showed  fully  satisfactory  results. 
However  during  transition  to  a  multilayer  hard-facing  of 
thin  wire  of  brands  EI-395  and  EI-868,  the  selected  slag 
forming  basis  did  not  ensure  normal  forming  of  fused  metal, 
on  the  surface  of  seans  hollows;  and  characteristic  cracks 
were  observed.  V 

Variation  of  the  content  of  each  of  the  components  of 
the  selected  basis  of  experimental  fluxes  showed  that  forming 
of  fused  metal  during  welding  by  a  thin  wire  is  improved 
with  lowering  the  content  of  AI0O3.  Excluding  alumina  from 
the  composition  of  the  ceramic  flux  made  it  possible  to  ob¬ 
tain  sufficiently  high  technological,  properties  of  fluxes' 
with  a  different  content  in  them  of  the  alloying  components.  / 

Further  experiments  were  conducted  with  six-layer 
hard-facings  on  plates  with  a  thickness  of  30  mm  of  lKhl8N9T 
austenitic  steels  with  wire  of  brands  EI-395  and  EI-868  under 
ceramic  fluxes,  in  the  composition  of  which  besides  slag 
forming  components  6$  ferrotitanium  and  ferroaluminum  were 
introduced.  Hard-facing  was  conducted  on  dc  of  reverse 
polarity  with  a  current  intensity  of  220—300  amps,  an  arc 
voltage  of  25 — 27  volts,  a  welding  speed  of  7  mm/sec,  by  a 
wire  with  a  diameter  of  1.6  mm.  During  external  Inspection 
of  hard-facings  and  consideration  of  microsections  cut  from 
the  metal,  cracks  were  not  revealed.  These  experiments, 
however,  could  not  serve  as  a  base  for  positive  appraisal 
of  the  stability  of  fused  metal  of  the  obtained  composition 
against  formation  of  cracks,  since  a  pure  metal  was  subjected 
to  the  test  (without  participation  of  a  basic  metal  contain¬ 
ing  such  elements  as  boron  and  others).  Furthermore,  the 
condition  of  crystallization  of  welding  baths  are  far  from 
real  conditions  of  hardening  metal  of  the  seam  on  articles. 
Confirmation  of  this  are  the  first  hard-facings  by  EI-395 
and  EI-868  wires  on  compound  samples  of  the  VL7-45U  alloy. 
During  welding  of  samples,  it  turned  out  that  in  the  case  of 
hard-facing  under  ceramic  fluxes,  indicated  above, by  EI-395 
wire  hot  cracks  occupied  the  entire  area  of  the  crack.  During 
hard-facing  by  EI-868  wire  the  area  occupied  by  the  orack  de¬ 
creased. 


A  possible  cause  of  the  decrease  of  the  inclination  of 
fused  metal  to  form  hot  cracks  during  welding  bv  El -868  wire 
is  the  lower  content  in  it  of  silicon  (0.34$  Si)  as  compared 
to  EI-395  wire  (1.11$  Si).  This  assumption  is  confirmed  by 
complete  destruction  of  compound  samples  (a  crack  occupies  the 
entire  area  of  the  break)  during  welding  by  El -868  wire  under 
fluxes  containing  more  than  0,5$  ferrosilicon. 

Ceramic  fluxes,  in  which  as  a  compound  component  soluble 
glass  is  used  (water  solution  of  sodium  silicate),  introduce 
a  certain  quantity  of  silicon  in  the  fused  metal.  Therefore 
it  was  necessary  to  replace  the  soluble  glass  with  other 
compound  agents. 

As  a  substance,  close  by  chemical  and  physical  proper¬ 
ties  to  sodium  silicate  sodium  aluminate  was  selected,  a  water 
solution  of  which,  as  experiments  showed  has  the  necessary  . 
adhesive  properties.  A  water  solution  of  sodium  aluminate 
was  relatively  easily  obtained  by  us  in  the  laboratory  by  means 
of  dissolving  waste  aluminum  (preliminarily  defatted)  in 
boiling  technically  pure  caustic  soda.  Boiling  of  the  solution 
is  continued  up  to  obtaining  of  the  necessary  density  of  1.5  — 
1.6. 

,  As  further  experiments  showed  replacement  of  soluble 
glass  by  sodium  aluminate  did  not  reflect  on  the  technological 
properties  of  the  ceramic  flux  and  did  not  introduce  any 
changes  in  the  manufacturing  of  the  flux. 

For  determination  of  the  Influence  of  a  change  of  adhes¬ 
ive  agent  on  the  content  of  silicon  in  a  fused  metal  four-layer 
hard-facings  were  carried  out  by  SvKh2010G6  wire  uner  V-3  and 
V-3a  fluxes  (Table  3),  differing  only  by  the  adhesive  component. 
V-3  flux  was  mixed  in  soluble  glass,  and  V-3a  flux  —  in 
sodium  aluminate.  Their  compositions  are  given  in  Table  4. 

In  the  V-3  flux  In-3  there  is  17$  of  the  total  weight 
of  the  charge  soluble  glass  with  a  density  of  1.35,  and  in 
V-3a  flux  22$  of  the  total  weight  of  the  charge  sodium 
aluminate  with  a  density  of  1.5. 

Table  3  gives  the  chemical  composition  of  a  metal. 


Table  3 

Chemical  composition  of  fused  metal.  In  percent  * 


KEY:  a)  Brand  of  flux* 


Table  4 

Composition  of  charge  of  experimental  fluxes,  in  percent 


KEY:  a)  Brand  of  flux;  b)  Marble;  c)  Fluorspar 
d)  Titanium  dioxide;  e)  Magnesia  brick; 
f)  Ferrot Itanium;  g)  Ferroaluminum. 


fused  by  SvKh20N10G6  wire  with  a  diameter  of  1.6  under  v-3 
and  V-3a  flux.  Hard-facing  was  conducted  on  DC  of  reverse 
polarity  with  a  current  Intensity  of  300  amps,  arc  voltage 
of  30  volts,  speed  of  welding  of  7  mm  sec. 


As  seen, 


replacement  of  soluble  glass  by  sodium 


aluminate  made  It  possible  to  lower  the  content  of  silicon 
in  the  fused  metal  by  almost  three  times. 

Based  on  experiments  conducted  subsequently  experimental 
ceramic  fluxes  were  prepared  with  the  use  of  sodium  aluminate  *, 

For  study  of  the  inclination  of  fused  metal  to  form 
cracks  under  conditions,  close  to  real,  we  welded  end  to  end 
crusts  from  VL7-45U  alloy  to  plates  EI-437B  by  El -868  and 
El -395  wires;  this  modified  additional  alloying  by  the  follow¬ 
ing  form. 

1.  Additional  alloying  of  metal  of  the  seam 
through  a  ceramic  flux  by  niobium  in  a  quantity  exceeding 
approximately  five  times  the  content  of  silicon. 

2.  Introduction  of  niobium  in  a  quantity  eight- 
nine  times  exceeding  the  content  of  silicon. 

3.  Introduction  in  the  composition  of  the  flux  of 
graphite  for  the  purpose  of  obtaining  optimum  relationship  of 
carbon  to  silicon  in  accordance  with  the  data  shown  in  Figure-1* 

4.  Introduction  in  the  composition  of  the  ceramic 
flux  of  different  quantities  of  nickel-magnesium  alloy. 

5.  Introduction  in  the  composition  of  the  ceramic 
flux  of  different  quantities  of  ferrocerlum. 


6.  Complex  alloying  of  the  fused  metal  by  niobium, 
magnesium  and  cerium. 


Numerous  experimental  fluxes  of  different  composition 
were  prepared.  Welding  of  joint  seams  under  experimental 
fluxes  was  done  with  wires  with  a  diameter  of  1.6  mm  on  DC 
of  reverse  polarity  with  a  current  intensity  of  280  --  300 
amps,  arc  voltage  of  28  —  30  volts,  speed  of  welding  7m/sec* 
Joints  were  welded  with  straight  seams  on  each  side.  The 
second  side  of  joint  was  welded  after  full  cooling  Of  the 
first  seam.  Shavings  for  chemical  analysis  were  collected 
from  metal  of  the  seam  of  the  first  passage. 


Fas  a  result  of  the  experiments  conducted  it  was  deter¬ 
mined  that  during  welding  of  end  to  end  samples  of  heat-  p 


\Tresisting  alloys' by  the  above  described  method  seams  without 
|  cracks  were  not  obtained.  In  all  seams  transverse  cracks 
were  observed  which  are  a  continuation  of  the  gap  between 
crusts.  However,  the  length  of  cracks  with  various  variants 
alloying  was  different,  j  Q  ^ 

Thorough  consideration  of  samples  made  it  possible  to 
determine  that  the  smaller  length  of  transverse  cracks  have 
seams,  welded  by  EI-395  wire  under  ceramic  fluxes,  containing 
a  sufficiently  large  quantity  aluminum-niobium  alloy.  The 
best  results  on  stability  against  formation  of  cracks  were 
given  by  1-V6  flux  (Table  4)  in  combination  with  EI-395  wire. 
Metal  of  the  seam  in  this  case  contains  more  than  2.5%  niobium. 
The  composition  of  the  charge  of  the  experimental  1-V6  ceramic 
flux  is:  41%  marble,  6%  fluorspar,  14%  titanium  dioxide, 

9%  magnesia  brick,  5%  ferrotitanium  and  25%  aluminum-niobium 
alloy. 

As  a  result  of  the  investigations  conducted  bearing  an 
exploratory  and  preliminary  character,  nevertheless  it  was 
determined  that  and  preliminary  character,  nevertheless  it 
was  determined  that  the  change  chemical  composition  and 
structure  of  metal  of  the  seam  by  alloying  and  modification 
of  fused  metal  by  ceramic  flux,  can  to  a  significant  degree 
affect  the  stability  of  the  seam  against  formation  of  hot 
cracks  during  welding  of  heat-resisting  alloys  under  conditions 
very  close  to  welding  of  real  articles.  Alloying  of  metal  of 
the  seam  by  niobium,  introduced  in  the  fused  metal  through 
ceramic  flux,  makes  it  possible  to  increase  stability  of  seams 
against  formation  of  hot  cracks. 

Further  development  of  this  work  could  be  a  detailed 
study  of  the  influence  of  alloying  elements  on  the  structure 
of  metal  of  the  seam,  and  also  improvement  of  the  method  '  r^.  v; 
experiments,  which  would  allow  more  exactly  to  estimate  the 
relative*  influence  of  alloying  elements  on  the  stability  of 
seams  against  formation  of  hot  craclcs.y. 
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y  WELDING  WITH  THE  USE  OP  MAGNETIC 
CERAMIC  FLUXES  ' 

'  '  >  '  J  p"’  > 

;  /"Following  is  a  translation  of  an  article  by  D.  M. 
Kushnerev  and  V.  G.  Svetsinskiy,  in  the  Russian- 
language  publication  Svarka  spetsia^nvvx  metallov 
i  splavov  (Welding  Special  Metals  and  Alloys), 
edited  by  K.  K.  Khrenov,  Academy  of  Sciences 
Ukrainian  SSR,  Institute  of  Electric  Welding  imeni 
Ye.  0.  Paton  Kiev,  1963,  pp  121  —  128^ 


Recently  in  our  country  and  abroad  a  new  method  of 
semiautomatic  electric  arc  welding  with  the  use  of  magnetic 
ceramic  flux  is  being  used.  In  the  USSR  this  method  was 
suggested  for  the  first  time  in  1950  by  A.  I.  Xodzhayev. 

A  distinctive  peculiarity  of  magnetic  flux  is  its 
ability  to  be  attracted  to  a  bare  welding  wire  during  passage 
on  it  of  a  welding  current  due  ferromagnetic  substances  in 
its  composition.  Around  the  wire  at  the  range  of  departure 
a  covering  from  ceramic  flpx  of  small  granulation  is^  formed. 
The  wire  together  with  the  flux  passes  through  a  nozzle  with 
a  calibrated  hole  into  the  zone  of  burning  of  the  arc  (Fig. 
The  dimension  of  the  hole  of  the  nozzle  ensures  the  necessary 
proportion  between  quantities  of  the  melted  flux  and  wire. 
Spontaneous  breaking- out  of  the  flux  through  the  hole  of  the 
nozzle  during  breaks  in  welding  is  prevented  by  a  circular 
permanent  magnet  installed  in  the  nozzle.  The  magnet  does 
not  prevent  passage  of  the  flux  through  the  nozzle  during 
welding,  since  the  magnetic  field,  created  by  the  welding 


current,  is  more  intense  than  the  magnetic  field  of  the  per¬ 
manent  magnet.  Ah  electrode  wire  moves  in  the  zone  of  the  . 
arc  by  the  feeding  mechanism  of  the  semiautomatic  machine. 

The  arc  burns  in  an  atmosphere  of  air  or  in  a  medium  of 
protective  gas. 

For  attaching  magnetic  properties  to  the  flux  iron 
powder  is  usually  Introduced  into  its  composition.  Ferroalloys 
introduced  into  the  composition  of  ceramic  fluxes  also  possess 
certain  magnetic  properties,  however,  as  experience  shows, 
even  their  very  high  content  in  a  flux  does  not  ensure  a 
reliable  supply  of  flux  together  with  the  electrode  wire.' 
Therefore  for  attaching  the  necessary  magnetic  properties  to 
a  ceramic  flux  in  its  composition  it  is  always  necessary  to 
introduce  a  certain  quantity  of  iron  powder. 

A  study  of  the  process  of  welding  with  magnetic  fluxes, 
conducted  with  the  help  of  high-speed  film  (2000  frames  per 
second)*made  it  possible  to  establish  certain  peculiarities  of 
the  process  of  fusing  and  transfer  of  the  electrode  metal  and 
flux  as  compared  to  manual  arc  welding  by  qualitative  electro¬ 
des. 

For  welding  with  a  magnetic  flux  with  usual  densities 
of  current  (50  --100)  microampere/m2  a  large-drop  transfer  of 
metal  is  observed.  Examination  of  films,  taken  during  a  test 
of  fluxes  of  different  chemical  composition,  made  it  possible 
to  determine  that  part  of  the  grains  of  the  flux,  not  passing 
through  the  arc  interval,  proceed  directly  to  the  welding 
bath  in  unmelted  state.  This  opens  wide  possibilities  for 
the  modification  of  fused  metal. 

The  method  of  semiautomatic  welding  with  magnetic  ! 
fluxes  has  a  number  of  advantages  in  comparison  with  hand 
arc  welding  by  qualitative  electrodes  as  well  as  with  welding 
under  flux. 


*  High-speed  photography  was  conducted  in  the  laboratory 
of  the  chair  of  welding  production  of  the  Kiev  Polytechnic al 
Institute. 
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The  main  advantage  of  this  method  aa  1 ^^nder 

«T»e  welding  (and  in  certain  cases  as  compared  to  welding  under 
?^xTif  the  increase  of  productivity  of  the  process  at  the 
ex^nse  of  tho  increase  of  coofflolonto  of  hard-facing  (Tablet). 

The  increase  of  coefficient  of  hard-facing  with  this 
method  apparently,  can  he  explained  by  the  presence  of  iron 
powder  inPthe  flux,  the  use  of  large 

(as  compared  to  hand  arc  welding),  and  also  the  smaller 
quantity  of  heat  expended  on  melting  the  flux  as  compared  to 

welding  by  closed  arc* 

Welding  with  magnetic  flux  has  an  essential  advantage 
over  welding  by  closed  arc:  during  preservation  of  automatic 
f  jj__  -,*»  the  electrode  wire  the  zone  of  welding  is  visible, 

inddth?s  allows  welding  of  seams  of  c®,?PliaJt^em?^^igigati0n, 
short  seams  and  articles,  where  retention  of  the  flux  is 

hampered.  ,  , 

Retention  of  the  flux  by  the  magnetic  field  on  the_ 
AlActrod©  wire  makes  it  possible  to  execute  by  this  method 
welding  of  slanted  and  vertical  seams  without  use  of  special 
flux-holding  and  forming  devices. 


Table  1. 


Productivity  of  Different  Welding  Processes 
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KEY*  Col  1)  Welding;  automatic  under  a  layer  of  flux; 
Manual  electro-arc  with  UONII-13/45  electrode; 
Semi-automatic  in  a  medium  of  carbon  dioxide; 
Semi-automatic  with  magnetic  flux;  M-10; 

Col  2)  Diameter  of  electrode  in  mm:  Col  3) 
Speed  of  wire  feed  in  m/sec;  Col  4)  Welding 
current  Iw  in  amps;  Col  5)  Arc  voltage  Ua  In 
volts;  Col  6)  Coefficient  of  hard-facing  in 
mg/a  sec;  Col  7)  Time  of  hard-facing  one  kg  of 
metal  in  mk/sec;  Col  8)  Productivity  in  g/sec. 


The  deficiencies  of  the  method  of  welding  with  the  use 
of  magnetic  fluxes  be  related  to  the  necessity  of  exact 
dosage  of  the  flux  during  welding  for  providing  constancy  of 
the  chemical  composition  of  metal  of  the  seam. 

For  welding  low-carbon  steels  by  Sv-08  welding  wire 
we  developed  M-10  magnetic  flux.  This  flux  is  composed  on  the ' 
basis  of  the  slag  system  Ca0--Mg0--Si02—  CaFg—  TiOg.  The 
chemical  composition  of  M-10  flux  is:  10.5—11.0%  CaC03; 

6.3— 7.05$  MgO;  15.0—17.05$  CAF2  /sic 7;  7.7— 9.0 %  TiOg;  12.0— 
15.05$  Si02;  22.0 — 24.05$  Fe;  3.0 — 3,55$  Mn;  1*2— 1.45$  Ti;  not 
more  than  0.055$  S;  not  more  than  0.055$  P#  others  —  up  to 
3.0%. 

For  the  composition  of  a  charge  of  M-10  flux  components 
in  the  following  weight  proportions  can  be  used: 

Component  Percent 

Marble  (GOST  4416-48)  . 22 

Fluorspar  (GOST  4421—48)  .................... 

Magnesia  brick  (GOST  4689-49)  ...............  7 

Mercury  concentrate  (vr.  TU)  •••••••••,»•«..«  9 

Sand  quartz  (GOST  4417—48 )  ..................  11 

/  Ferromanganese  (GOST  4755—49,  Mn-0  or  Mn— 1)  «  \ ,  4 

Ferrosilicon  (GOST  1415-49,  Ci-75)  ..........  4 

Ferrotitanium  (GOST  4761-54,  Ti-0)  ..........  6 

.■  Iron  Powder  (ChMTU  3648-58,  A)  ..............  20 

Sodium  silicate  electrode  (GOST  4419-48, 

Class  A,  solution  with  a  density  of 
1-30-1,32,  relative  total  weight  of 
dry  mixture  -IS 


The  chemical  composition  of  the  fused  metal  on  St.  3 
steel  carried  out  by  semiautomatic  welding  with  the  use  of 
M-1Q  magnetic  flux  is  given  in  Table  2.  Welding  was  done  in 
the  lower  position  by  wiro  with  a  diameter  of  2  mm,  on  DO 
of  reverse  polarity  with  I w  s  300--330  amps,  Ua  z  32—34  volts 


Table  2, 


Chemical  Composition  of  Metal  in  Percent 


(a) 

C 

Mn 

Si 

S 

P 

b)  HaniWBJieHHwft  MeTa^fl  .  ,  . 

0,11 

0,59 

0,15 

0,024 

0,031 

C/CBapo*maH  nponanoKa  .  .  , 

0,07 

0,57 

0,06 

0,025 

0,020 

^l)OcHoeHoft  . . 

0,15 

0,49 

0,10 

0,029 

0,033 

KEY'S  a)  Material;  b)  Fused  metal;  o)  Welding  wire; 
d)  Basic  metal. 


Semiautomatic  welding  with  M-10  magnetic  flux  ensures 
mechanical  properties  of  the  fused  metal  and  welded  joints 
near  those  obtained  during  welding  by  electrodes  of  type 
E-42A  and  E-50A  (GOST  2523-51),  and  namely:  for  fused  metal 
T  500  Tn/m2;  S5  z  31.2$;  y  2  72.8$;  a^  s  1,760  km/m; 
for  a  welded  joint  <fv  z  450  Tn/m2;  angle  of  bend  is  3.14  rad. 

M-10  flux  ensures  good  forming  of  seams,  easy  separa¬ 
tion  of  ths  slag  crust,  lack  of  pores,  cracks  and  other  de¬ 
fects  in  ths  welded  seams. 

The  recommended  conditions  of  welding  with  the  use  of 
M-10  flux  are  given  in  Table  3* 


Table  3. 

Conditions  of  Welding 


A^AMeTp  CM* 
poqitoA  nposo- 
jk mu 

/c»*  a 

vA.0 

»W  MfctK 

(b) 

npocTpaBCTBOiBoe  nonaacera* 

2  - 

300 — 330 

32-34 

0,071 

(C) 

HHMCHee 

2 

290—310 

32—34 

0,061 

» 

2 

280-300 

30-32 

0,053  /v 

1,6 

220-240 

26-23 

0,071  (a 

)  rtaicnoHHafl  tuiocxocTb 

1,6 

180-200 

26-27 

0.053  (o 

)  BcpTHKara>noc 

KEY:  a)  Diameter  of  welding  wire;  b)  Space  position; 

c)  Lower;  d)  Slanted  plane;  e)  Vertical. 


f^The  application  of  semiautomatic  welding  by  austenitic 
wire  with  a  magnetic  ceramic  flux  gives  a  significant  increase 
of  productivity  as  compared  to  hand  arc  welding.  For  Instance 
during  welding  with  magnetic  flux  by  a  SvKh20N10G6  wire  with 
a  diameter  of  2  mm  with  a  current  intensity  of  350  amps  the 
weight  of  the  fused  metal  per  unit  of  time  by  more  than  5C$ 
exceeds  the  weight  of  metal  fused  during  that  time  by  qualita¬ 
tive  electrodes  with  a  rod  with  a  diameter  of  8  mm  of  the  same 
steel  with  current  intensity  near  500  amps,  j  ^ 

Simultaneously  with  the  development  of  composition  of 
equipment  for  welding  with  magnetic  flux  has  been  created. 


Experience  has  shown  that  ordinary  adapters  (DSh-5  and 
similar)  of  hose  semiautomatic  machines,  intended  for  welding 
under  a  layer  of  flux  are  unfit  for  welding  by  open  arc  with 
a  magnetic  fluse  because  of  their  weight,  since  during 
operation  the  holder  must  accomplish  with  the  weight  the  same 
required  manipulations  during  hand  welding. 


The  first  variant  of  equipment  for  semiautomatic 
welding  with  the  application  of  a  magnetic  flux  consisted  of 
an  instrument  case  which  can  easily  be  transfered  during  a 
shift  of  the  welder  on  the  article,  a  special  holder  with  a 
hose  and  feed  mechanism.  Instrument  case  of  this  semiauto¬ 
matic  machine  has  a  current  relay  RT,  which  is  included 
consecutively  in  the  welding  chain.  The  latter  locks  direc¬ 
tly  during  contact  of  an  electrode  wire  with  the  article. 

The  process  of  ignition  of  the  arc  and  support  of  it  is  ana¬ 
logous  to  hand  welding.  The  electrode  wire  moves  the  zone 
of  the  arc  during  a  short  circuit,  but  this  does  not  hamper 
excitation  of  the  arc  with  correctly  selected  conditions 
and  skillful  action  of  the  welder.  In  electrical  system  a  . 
push  button  "up”  and  "down”  are  provided  with  the  help  of 
which  the  notor  of  the  feed  mechanism  is  turned  on  during 
adjusting  movements  of  the  electrode. 

* 

Industrial  tests  showed  that  with  small  dimensions 
and  simplicity  in  handling  the  equipment  has : essential  defic¬ 
iencies.  Hose  adapter  DShM-1  of  this  installation  is  tr 


facilitated  insignificantly  as  compared  to  DSh-5.  Furthermore 
the  adapter  has  boon  designed  so  that  during  a  small  deflec¬ 
tion  of  the  bunker  from  the  vertical  free  access  of  flux  to 
the  welding  wire  flowing  out  of  the  mouthpiece  is  hampered. 
Thus  welding  vortical  seams,  welding  in  an  angle  and  so  forth 
becomes  impossible.  It  turns  out  to  be  impossible  to  insulate 
reliably  the  mouthpiece  of  the  adapter  from  external  metallic 
parts. 

Duting  interruptions  in  work  it  was  necessary  to  turn 
off  the  welding  generator,  since  the  wire,  and  sometimes  the 
metallic  body  of  the  adapter,  being  under  current,  could 
accidentally  short  circuit  on  article. 

All  these  deficiencies  were  considered  during  develop¬ 
ment  of  the  second  variant  of  a  semiautomatic  machine  for 
welding  with  a  magnetic  flux.  It  was  recognized  expedient 
to  apply  a  feed  mechanism  and  instrument  case  of  the  PSh-5  > 
semiautomatic  machine,  not  making  changes  in  them,  but  to 
design  a  new  adapter,  in  the  design  of  which  deficiencies  of 
the  DShM-1  adapter  would  be  eliminated.  The  DShM-3  adapter, 
shown  in  Figure  2,  makes  it  possible  to  weld  both  in  alow 
as  well  as  in  a  vertical  position.  A  special  chamber  with 
a  flux  bunker  fixed  on  it  passes  flux  under  action  of  its 
gravity  from  the  bunker  directly  to  the  section  of  the  wire 
which  emerges  from  the  tip  (departure  of  electrode).  This 
ensures  a  reliable  supply  of  flux  to  the  arc  zone  together  - 
with  the  wire  during  welding  in  the  lower  position  and  in  a 
position  near  vertical  (Fig  4).  The  DShM-3  adapter  weighs 
almost  500  g,  it  is  very  convenient  for  welding  difficult 
access  seams,  located  in  different  space  positions.  The 
adapter  has  a  facilitated  hose,  where  ad  the  current-carrying 
part  is  copper  shielding  braiding  is  used,  dressed  in  three 
layer  directly  on  the  spiral,  on  which  the  wire  passes. 

Hinged  bracing  of  the  flux  feeding  chamber  makes  it  easy  to 
center  the  wire  in  the  calibrating  hole • 

A  test  of  experimental  models  of  the  DShM-3  adaptor 
was  conducted  in  laboratory  and  industrial  conditions  at  the 
Kiev  "Bol'shevik”  Plant  and  at  the  Barnaul  Boiler  Plant. 

Tests  showed  complete  industrial  fitness  and  reliability 
of  the  adapter. 


Figure  2.  DShM-3  Hoae  Adapter  for  Semiautomatic 
ftelding.  with  Use  of  a  Magnetic  Flux. 


Figure  3. Welding  System  With  a  DShM-3  Adapter  in 

Low  Position. 


•»> 


Figure  4.  './elding  System  of  with  a  DShM-3  Adapter  in 

Vertical  Position. 


s  •  . 

A  further  stage  of.  improvement  of  technology  and 
equipment  for  welding  with  a. magnetic  flux  was  the  development 
of  equipment  for  semiautomatic  welding  in  vertical  and  overhead 
positions. 

Experimentally  it  was  established  that  the  magnitude 
of  welding  current  does  hot  have  to  exceed  180  amps  for 
semiautomatic  welding  in  a  vertical  rosition  and  130  amps  in 
overhead  ros'ltion.. 

For  feeding  flux  to  the  wire,  flowing  from  the  mouth¬ 
piece,  it  was  decided  to  use  carbon  dioxide,  since  from 
bunker,  fastened  on  the  adapter,  it  is  not  possible  to  carry 
out  a  reliable  supply  of  flux  to  the  chamber  of  the  adapter.  •  • 

Therefore  flux  in  the  chamber  of  the  adapter  moves  by 
hose  a  stream  of  carbon  dioxide. 

On  the  feeding  mechanism  of  hose  semiautomatic  machine 
is  fastened  a  flux  apportioning  attachment  with  a  bunker. 

On  the  exit  of  the  bunker  is  placed  a  magnetic  cylinder ^ 

The  flux  adhering  to  the  cylinder  forms  a  plug  and  prevents 
breaking-out  of  the  remains  flux  from  the  bunker. 
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•  Figure  5.  Diagram  of  the  Arrangement  of  the  Flux 
Chamber  of  the  DShtt-4  Hose  Adapter 

KEY:  a) .  Flux-gas;  ,  b)  .Mixture;  c)  Gas;  d)  Flux; 

,  e)  Wire.  ?  • 


The  cylinder  is  set  on  a  shaft,  kinematically  connected 
with  the  feed  roller  of  the  semiautomatic  machine.  During 
welding  the  feed  roller,  revolving,  leads  to  rotation  of  the 
magnetic  cylinder.  The  magnetic  flux,  adhering  to  the 
cylinder,  is  removed  from  it  with  a  special  scraper  and  gets 
in  the  stream  of  carbon  dioxide,  which  by  the  hose  transports 
--.the  flux  to  the  adapter. 

In  chamber  of  the  adapter  the  particles  of  the  flux 
are  attracted  to  the  welding  wire,  and  the  carbon  dioxide, 
emerging  from  the  chamber,  creates  an  additional  protection  . 
of  the  zone  of  welding.  .. 

•  The  first  experimental  types  of  adapter  for  welding 


with  a  thin  wire  with  magnetic  flux  feed  by  carbon  dioxide  had 
an  essential  deficiency:  during  exit  of  gas  from  the 
calibrating  hole  of  the  chamber  of  the  adapter  the  speed  of 
its  outflow  was  increased,  grains  of  flux  adhering  to  the  wire 
were  blown  off  by  the  gas  stream  and  a  bare  wire  emerged  from 
the  adapter. 

For  removal  of  this  deficiency  a  design  of  the  chamber 
of  the  adapter  was  created,  schematically  shown  in  Figure  5. 

The  chamber  has  double  walls.  The  flux-gas  mixture  enters  the 
chamber  by  a  channel,  located  concentrically  relative  to  the  • 
contact  mouthpiece.  Getting  in  the  chamber,  the  flux  is  attra¬ 
cted  to  the  wire,  and  carbon  dioxide  by  radial  clearance 
between  the  walls  of  the  chamber  emerges  outside.  Inasmuch 
as  the  section  of  the  annular  channel  between  the  double  walls 
of  the  chamber  are  larger  than  the  section  of  the  outlet  of 
the  chamber,  a  large  part  of  the  gas  passes  through  the  annular 
channel.  With  this  the  exhaust  velocity  from  the  adapter  is 
small  and  particles  of  flux  are  retained  on  the  wire  by  the 
magnetic  field  of  the  welding  current. 

.  The  described  principle  of  action  was  used  during 
development  of  the  DShM-4,  adapter  which  is  of  simpler  design 
than  that  preceding  it. 

The  DShM-4  adapter  makes  it  possible  to  conduct  welding 
in  all  space  positions  on  currents  not  exceeding  200  amps. 
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1  RESEARCH  ON  THE  COMPOSITION  OP  A  CERAMIC 
FLUX  FOR  AUTOMATIC  WELDING  OP  DOUBLE- LAYERED 
St.  3  /  !Khl8H9T  STEEL _ j 


following  Is  a  translation  of  an  article  by 
m.  P.  Grebel’nlk  in  the  Russian-language  pub¬ 
lication  Svarka  spetslal  ^ykh  metallov  1 
splavov  (Welding  Special’ Metals  and  Alloys ) , 
edited  by  K.  K.  Khrenov,  Academy  of  Sciences 
Ukrainian  SSR,.  Institute  of  Electric  Welding 
imeni  Ye.  0.  Paton,  Kiev,  1963,  pp  129-136./ 


The  use  of  double- layered  steels  makes  it  possible  to 
save  over  70  percent  of  expensive  high-alloyed  steels.  How¬ 
ever,  up  to  now  the  problem  of  automatic  arc  welding  under 
flux  of  double-layered  steels  has  not  been  completely  solved 
for  production. 

As  is  known,  during  welding  of  low-carbon  layer  (St.  3) 
in  the  case  of  smelting  stainless  steel,  the  fused  metal  is 
alloyed  by  chromium  and  nickel,  as  a  result  of  which  struc¬ 
tures  can  form  which  promote  the  appearance  of  cracks  in  the 
welded  seam. 

if  '  . 

During  welding  of  rust-resistant  layers  of  double¬ 
layered  steels  the  smelting  of  low-carbon  St. 3  steels  is 
possible*  Then  the  content  of  carbon' in  the  fused  metal  will 
be  increased  and  the  quantity  of  chromium  nickel  and  titanium 
will  deorease,  leading  to  a  sharp  lowering  of  its  stability 
against  intercrystalline  oorrosion  in  an  aggressive  me  dia* 


During  welding  by  split  wire  the  portion  of  participa¬ 
tion  of  the  basic  motel  in  formation  of  the  seam  decreases  to 
35 — 40  percent  A7»  Therefore  for  decreaslrg  the  portion  of 
participation  of  low-carbon  St.  3  steels  in  formation  of  the 
seam  during  welding  of  rust-resistant  layers,  the  latter  was 
welded  by  a  Split  wire • 

Furtherindre^  since  double-layered  steels  have  found 
wide  applicatioh^iil  construction  of  pipelines,  where 
strengthening  on  the  part  of  the  rust-resistant  layer  is  not 
allowed,  welding  by  split  wire  is  used  on  the  section  anti¬ 
cipating  removal  of  the  rust-resistant  layer* 

^Selection  of  a  ceramic  flux  for  automatic  welding  by 
split  wire  of  rust -resistant  layers  is  based  on  the  following* 

1*  The  flux  should  ensure  minimum  oxidation  of 
chromium  and  titanium  in  metal  of  the  rust -re  si  stent  layer 
and  the  wire* 

2.  The  flux  should  ensure  good  technological  proper¬ 
ties:  separability  of  the  slag,  good  forming,  absence  of 

pores  and  cracks* 

3.  The  fused  metal  and  zone  of  action  must  possess 
high  corrosional  stability*  j 

Welding  was  conducted  on  a  TS-17M  welding  tractor  with 
a  special  attachment  for  welding  by  split  wire.  In  order  to 
.obtain  a  sufficient  quantity  of  chromium  and  nickel  in  metal 
of  the  seam,  standard  welding  wire  of  brand  Sv07Kh25N13 
(GOST  2246-60)  was  used  with  a  diameter  of  3  mm  (Table  1)*  - 

'  ■  :  -  •■■■;  3.  ‘ ;  \ 

.Table  1 

Chemical  Composition  of  the  Metal  in  Percent 


06 "MKT  aHBJMtt 


(b)  CaapoMHaR  npowvioKa 
Ca07X25Hl3 

(cj  CtMb  Ct.3  •  •  •  »  •  * 
(dj  /iwxcjioftHaii  ctm:  Ct,3 
(e)  IXI8H9T  a  r  .  v  , 


23*52  13,50 


17,40 1 10,17 1  0f 45 


-  41  - 


KEY:  a)  Object  of  analysis;  b)  Sv07Kh25N13  welding  wire; 
c)  St.  3  steel;  d)  Double-layered  steel:  St.  3; 
e)  lKhl8N9T 


The  existing  brand  K-8  ceramic  flux  for  automatic 
welding  of  rust-resistant  chromo-nickel  acid-resistant 
lKhl8N9t  steels  during  welding  by  split  wire  does  not  obtain 
the  required  technological  properties. 

We  began  the  creation  of  a  new  flux  with  the  choice  of 
a  slag  forming  base.  For  investigation  of  the  technological 
properties  of  the  flux  hard-facing  with  a  split  wire  of  the 
Sv07Kh25N13  brand  under  the  experimental  fluxes  on  St.  3 
steel  was  conducted.  As  compared  to  welding  a  plate  layer,  . 
the  quantity  of  chromium,  nickel  and  titanium  during  hard- 
facing  on  St.  3  wa3  lower,  which  was  considered  during 
selection  of  the  flux.  Y 

Hard-facing  was  done  on  DC  of  reverse  polarity. 

The  conditions  of  hard-facings  were:  Xw  =  480—500  amps, 

Ua  :  32—35  volts,  vw  r  4.45  ram/sec.  For  obtaining  minimum 
and  uniform  melting  by  section,  the  seam  distance  between 
wires  was  taken  as  10  ran.  Departure  was  35  mm. 

As  known,  during  weldirg  of  stainless  steel  it  is 
necessary,  as  far  as  possible,  to  use  a  basic  flux,  which 
ensures  maximum  preservation  of  chromium  and  titanium  in 
metal  of  the  seem.  Otherwise  from  the  intense  oxidation  of 
these  elements,  metal  of  the  seam  becomes  sensitive  to 
intercrystalline  corrosion. 

During  selection  the  flux  was  tested  parallel  with 
three  slag  bases:  CaO— Crg03J  CaO— AI2O3;  AlgOg— MgO.  t 


As  can  be  seen  from  the  diagrams  of  fusibility  (Figure 
1),  these  systems  have  a  minimum  temperature  of  fusing  at  the 
following  relationships  of  the  oxides: 


:CaO 

CrgOg 


0.92;  Z  1.0;  =  1.13  JV 

A1203  MgO 


Since  calcium  oxide  was  introduced  in  the  flux  with 
marble^  then  the  first  and  second  relationship  will  have  the 


The  chemical  composition  of  the  components  U3ed  in  the 
fluxes  is  given  in  Table  2. 


In  the  slag  base  CaC03— Crg03  titanium  dioxide  was 
introduced  for  increasing  the  transition  of  titanium.  As 
a  result  of  the  experiments, oit  was  determined  that  these  , 
fluxes  increase  tine  transition  of  chromium  from  the  flux,  in 
spite  of  the  presence  of  marble,  capable  of  oxidizing 
chromium.  In  this  system  the  influence  of  chromium  oxide  is 
greater,  with  an  increase  of  the  quantity  of  which  the  transi¬ 
tion  of  chromium  from  the  flux  is  increased*  The  content  of 
titanium  in  metal  of  the  seam  constitutes  a  total  of  0.03— 
0.05  percent*  With  an  Increase  of  the  quantity  of  ferro- 
titanlum  in  the  flux  above  12  percent  a  growth  of  the  content 
of  titanium  in  metal  of  the  seam  is  not  observed  (Tables  3,  4) 
In  further  investigations  it  was  necessary  to  eliminate  this 
base  due  to  the  poor  technological  properties  of  the  flux 
(large  fluidity  of  slag)  and  low  content  of  titanium  in 
metal  of  the  seam* 

Table  2* 


Chemical  Composition  of  Components  of  Fluxes  In  Percent 
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KEY:  a)  Designation  of  components;  b)  Marble;  c)  Fluor-/ 
spar;  d^  Titanium  dioxide;  e)  Magnesia  brick; 
f )  Alumina;  g)  Chromium  oxide;  h)  Ferrosilicon,  Si75j 


l)  For  rot  Itanlxun,  Til;  J)  Ferroaluminura,  (50$  Al)j 
k)  Metallic  chromium  XhO. 


KEXt'  a)  Flux  number;  b)  Chemical  composition  In  percent; 
o 5  Technological  properties;  d)  Slag  separability 
e)  Forming  of  shaft;  f)  Spread  capacity;  g)  Surface 
y.  cleanness*  ..  r/ / 


Fluxes  on  the  bases  CaCOg— AlgOg— CaFg  ensure  easy 
separability  of  the  sing  crust, 'good  forming  of  the  seam, 
a  clean  seam  surface.  During  use  of  them  chromium  in  metal 
of  the  seam  is  lowered  as  compared  to  the  preceding  base,  but 
the  transition  of  titanium  13  increased  and  fluxes  are  short. 

During  welding  of  double-layered  steels  mixing  of 
metal  of  the  rust-resistant  layer  with  the  basic  metal  occurs, 
not  containing  neither  chromium,  nickel  nor  titanium  which 
are  necessary  for  providing  corroslonal  stability.  Therefore 
besides  use  of  a  wire  with  increased  content  of  chromium 
and  nickel,  as  compared  to  the  content  of  it  in  the  plate 
layer,  metal  of  the  seam  was  alloyed  additionally  through  the 
flux.  As  alloying  components  ferrosilioon,  ferrot Itanium, 
ferroaluminum  and  metallic  chromium  were  introduced  in  the 

flUX.  ■ 

Joints  of  St .3  lKh!8N9T  double -layered  steel  were 
welded  under  the  experimental  fluxes.  The  thickness  of  the 
basic  metal  was  14mra,  the  thickness  of  the  plate  layer  was 
3  mm.  From  the  St.  3a  V-form  division  with  2  mm  truncation 
was  produced.  Welding  was  executed  by  Sv-08  wire  under  K-ll 
ceramic  flux.  Conditions  of  welding  were:  Iw  -  600 — 650 
amps;  Ua  z  35 — 37  volts,  z  4 .45  ran/sac.  After  that  a 
division  with  a  width  of  16  mm  was  prepared  from  the  rust- 
resistant  layer  with  a  depth  of  3  mm.  The  rust-resistant 
layer  was  welded  with  a  split  wire  on  DC  of  reverse  polarity. 
Conditions  of  welding  were:  Iw,  Z  480—52  0  amps,  Ua  s  32—35 
volts,  vw  z  4.45  mm/sec,  distance  between  wires  in  light  was 
10  ran,  departure  was  35  ram. 

Samples  for  a  test  on  inter crystalline  corrosion  were 
prepared  from  metal  of  the  rust -resist ant  layer,  basic  metal 
of  St.  3  was  completely  removed. 

Tests  on  inter crystalline  corrosion  were  conducted 
according  to  the  AM  method  according  to  GOST  6032-58. 

The  content  of  chromium  in  metal  of  the  seam  during 
welding  under  fluxes  on  the  base  CaCOg— AI2O3— CaFg  is  not 
sufficient  for  providing  necessary  corroslonal  stability. 
Additional  introduction  in  the  flux  of  12  percent  metallic 
chromium  prevents  intercrystalline  corrosion  in  metal  of  the 
seam  directly  after  welding.  After  two- hour  tempering  at 
923  degrees  X,  the  welded  seams  are  struck  by  inter crystalline 


corrosion.  During  introduction  In  the  flux  of  an  additional 
SO  percent  metallic  chromium  metal  of  the  welded  seam  becomes 
stable  against  intercrystalline  corrosion  both  directly  after 
welding  as  well  as  after  two- hour  tempering  at  923  degrees  K, 
tables  3,  5,  fluxes  106,  174. 

Fluxes  on  the  base  CaC03--Alg03--CaF2  ensure  excellent 
technological  properties.  But  in  this  system  the  oxidizing 
properties  of  marble  appear  greater  which  partially  oxidizes 
the  metallic  chromium  introduced  in  the  flux .  Therefore, 
it  was  necessary  to  introduce  up  to  20  percent  metallic 
chromium  in  the  flux. 

Fluxes  on  the  AlgOg— KgO--CaF2  base  by  transition  of 
chromium  to  metal  of  the  seam  occupy  an  intermediate  position 
between  the  two  preceding  slag  bases.  The  transition  of 
titanium  is  the  same  as  in  the  flux  on  the  CaCo3--Alg03--CaFg 
base.  Aluminum-magnesian  fluxes  are  .short,  which  is  bad, 
since  gasses  do  not  always  succeed  in  emerging  from  the 
liquid  metal  through  the  slag  and  then  on  the  surface  of 
seams  a  groove  appears  in  the  form  of  a  worm  hole* 


Figure  2.  Macrograph  of  a  Welded  Joint 
Carried  Out  under  Flux  58. 


From  the  fluxes  tested  on  this  series  the  be3t  corro- 
sional  stability  was  obtained  with  fluxes  58,  59,  63. 


Samples  were  tested  In  a  condition  after  welding  and  after 
two-hour  tempering  at  923  degrees  K.  After  boiling  the 
aanples  bent  outside  the  rust -res 1st ant  layer  and  the  side 
adjacent  to  the  St,  3,  As  tests  showed.  Intercrystalline 
corrosion  was  not  observed  i»  one  of  the  four  oases, 

' \:s' :i:..  V; ,  Table  5*' 


KEY:  a)  Fiux  number;  b)  Chemical  composition  in  percent; 
c )  Presence  of  IntercrystaL  line  corrosion;  d;  With 
bend  by  rust-resistant  layer  outside;  e)  With  bend  by 
St.  3  steel;  f)  After  welding;  g)  923  degrees  k  — 

two  hOUT3, 

nr  a  result  of  the  investigations  conducted  it  was 
observed  that  the  best  by  technological  properties  is  flux 
58.  A  macrograph  of  a  welded  joint  accomplished  under  this 
flux  is  shown  in  Figure  2,  Furthermore,  metal  of  the  seam, 
weHed  under  this  flux,  least  of  all  is  subject  to  brittleness 

Metal  of  a  welded  seam  of  the  rust-resistant  layer 
has  an  austenitic-ferrite  structure  (Figure  3.)  In  the 
transition  zone  from  rustrre aistant  layeer  to  metal  of  St,  3 
a  zone  with  high  brittleness  is  not  observed  (Figure  4), 


Figure  3,  Microstructure  of  Metal  of  the 
Welded  Seam  of  a  Rust- Resistant  Layer  of 
Double- Layered  Steels  Carried  out  Under 
Flux  58,  Magnified  340X. 


Figure  4.  Micro structure  of  Metal  of  the 
Transition  Zone,  Magnified  340X, 
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